ABSTRACT The highly sensitive nested pCS20 polymerase chain reaction assay for Ehrlichia ruminantium was negative on 506 Amblyomma variegatum from Caribbean islands where clinical heartwater has not been reported, mainly the United States Virgin Islands (18), Dominica (170), Montserrat (5), Nevis (34), St. Kitts (262), and St. Lucia (17). Positive results were obtained with positive controls (Crystal Springs strain) and A. variegatum from countries in Africa where infections are endemic, mainly Tanzania (1/37) and Burkino Faso (2/29). Positive major antigenic protein-1 enzyme-linked immunosorbent assays for E. ruminantium were obtained on convenience samples of sera from apparently healthy cattle, sheep, and goats on Dominica (0/95, 0%; 3/135, 2%; 2/57, 4%), Grenada (0/4, 0%; 1/98, 1%; 1/86, 1%), Montserrat (0/12, 0%; 0/28, 2%; 5/139, 4%), Nevis (0/45, 0%; 0/157, 0%; 0/90, 0%), Puerto Rico (0/422, 0%; 0, 0%), St. Kitts (3/86, 4%; 1/25, 0%; 0/26, 0%), and St. Lucia (0/184, 0%; 0/15, 0%; 0, 0%), respectively. The pCS20 polymerase chain reaction results indicate E. ruminantium is not present on islands where clinical heartwater does not occur. The occasional positive major antigenic protein-1B enzyme-linked immunosorbent assay results appear, then, to be false-positive reactions, and serology appears to be of limited use in testing for E. ruminantium in the Caribbean, as is the case in Africa.
Amblyomma variegatum, the tropical bont tick, occurs widely in Africa and was introduced into the Caribbean in the early 1800s (Uilenberg et al. 1984) . Initially the tick was conÞned to Guadeloupe, Antigua, and Marie Galante, but in 1948 it invaded Martinique and subsequently spread to 14 other islands (Barre et al. 1995) . Despite various eradication programs (RoseRosette et al. 1998 , Pegram et al. 2004 , A. variegatum is still widespread in the Caribbean and continues to be a signiÞcant threat to animal health as it is the vector of important veterinary pathogens, in particular Ehrlichia ruminantium. This Gram-negative rickettsia is the agent of heartwater, an acute disease of domestic ruminants that is associated with very high mortality (up to 90%) and extensive economic losses ).
Although A. variegatum is widespread in the Caribbean, heartwater has only been conÞrmed on Guadeloupe (Perreau et al. 1980) , Marie-Galante (Uilenberg et al. 1984) , and Antigua (Birnie et al. 1985) . Various possibilities have been suggested as to why heartwater is not seen on the other islands where A. variegatum is found. As is the case in Africa, there might be endemic stability, and local ruminant populations have innate resistance (Uilenberg et al. 1984 , Camus et al. 1996 . It is also possible that cases of heartwater go undetected as there is unfamiliarity with the disease, which is also difÞcult to diagnose (Uilenberg et al. 1984) . Finally, it might be that the stocks of E. ruminantium in the Caribbean are avirulent and have evolved over the years to become nonpathogenic. Evaluating these possibilities is difÞcult, however, as there is little data on E. ruminantium in A. variegatum on islands where heartwater has not been diagnosed. To provide such information, we studied E. ruminantium infections in A. variegatum and/or domestic livestock on eight islands where heartwater has not been reported. Our results are described below.
Materials and Methods
Sample Sites. Caribbean islands where heartwater had not been diagnosed were selected for the study, mainly the United States Virgin Islands, Dominica, Grenada, Montserrat, Nevis, Puerto Rico, St. Kitts, and St. Lucia. We also obtained samples from Tanzania and Burkina Faso, countries in Africa where heartwater is endemic.
A. variegatum Collection and DNA Extraction. A. variegatum were requested from relevant Veterinary or Agriculture Departments and stored in 70% ethanol. Their identity was conÞrmed using standard morphological criteria before DNA was extracted using the QIAamp DNA Mini Kit (Qiagen, Valencia, CA), according to the manufacturerÕs instructions.
Blood Collection and DNA Extraction. Whole blood was collected into ethylenediaminetetraacetic acid from convenience samples of cattle, sheep, and goats on the Caribbean islands studied. Approval of the study was obtained from the Institutional Animal Care and Use Committee of Ross University School of Veterinary Medicine. After centrifugation, the buffy coat was aspirated and stored at Ϫ20ЊC until DNA for nested polymerase chain reaction (PCR) (see below) was extracted using the QIAamp DNA Mini Kit (Qiagen, Valencia, CA), according to the manufacturerÕs instructions. Plasma was stored at Ϫ20ЊC until thawed and used for serology (below).
Major Antigenic Protein (MAP)-1B EnzymeLinked Immunosorbent Assay (ELISA).
Antibodies to a partial protein (MAP-1B) containing amino acids 47Ð92 of the MAP-1 of E. ruminantium were detected using the indirect MAP-1B ELISA, as described previously (Semu et al. 2001 ). Positive and negative control sera were used on each ELISA plate to determine cutoffs, as described previously (Semu et al. 2001 ). The positive sera were obtained from animals that survived experimental infection with E. ruminantium and were subsequently rechallenged to develop hyperimmune serum. The negative control sera were obtained from animals that lived in an area where Amblyomma did not occur (Semu et al. 1992) .
PCR Assays. The DNA extracted from ticks and buffy coats was used in the nested pCS20-PCR assay, as described previously (Semu at al. 2001 ). This pCS20 PCR assay ampliÞes a speciÞc 279-bp fragment from DNA of all E. ruminantium strains tested to date and detects infected ticks (Mahan et al. , 2000 Peter et al. 1999; Martinez et al. 2004; Molia et al. 2008) . The Crystal Springs strain of E. ruminantium from Zimbabwe in continuous tissue culture (Byrom and Yunker 1990 ) was prepared, as described previously , and used as a positive control. Negative controls were sterile distilled water.
To determine whether tick extracts contained PCR inhibitors, 10-fold serial dilutions of 2.5 l of the positive control DNA of the Crystal Springs strain of E. ruminantium were tested by nested pCS20-PCR with 2.5 l of buffer AE of the QIAamp DNA Mini Kit or 2.5 l of DNA from three A. variegatum previously found negative by nested pCS20-PCR. The nested pCS20-PCR assays were performed in triplicate, as described above.
To establish whether DNA was successfully extracted from the A. variegatum, we tested DNA extracted from convenience samples of ticks from St. Kitts (10), Dominica (10), United States Virgin Islands (5), Montserrat (3), and Tanzania (5) for the tick mitochondrial 12SrDNA gene using primers T2A and T1B, as described previously (Beati and Keirans 2001) .
Results and Discussion
A total of 506 A. variegatum was collected from six islands (Table 1) , which corresponded to the most recent reports on the distribution of A. variegatum in the Caribbean Eddy 2002, Pegram et al. 2004) . No ticks were obtained from Grenada and Puerto Rico, islands regarded to be free of A. variegatum. Only relatively few ticks were obtained from islands on which Amblyomma are found only occasionally in certain focal areas (Montserrat, Dominica, United States Virgin Islands) or islands that are partially infested (St. Lucia). Large numbers of ticks, however, were obtained on St. Kitts and Nevis, where infestations are countrywide.
None of the DNA extracted from these 506 A. variegatum from islands where heartwater has not been reported to occur were positive by nested pCS20-PCR for E. ruminantium. This is in contrast to the situation on Caribbean islands where heartwater is prevalent (Robinson et al. 2009) in Antigua. Our failure to detect organisms appeared not to be related to problems with the quality of the DNA extracted, as amplicons of the 12SrDNA tick gene of Ϸ340 bp were obtained from all of the convenience samples of ticks we studied. Furthermore, DNA extracted from two of 14 (14%) A. variegatum from Burkina Faso and one of 37 (3%) from Tanzania was positive by the nested PCR, and in addition, DNA of Rickettsia africae was detected by PCR in 22% (83/ 390) of the Caribbean tick DNA extracts (Kelly et al. 2010) . There also appeared to be no signiÞcant PCR inhibitors in the extracted DNA as serial dilutions of the positive control DNA and DNA from three ticks that were negative by the nested pCS20-PCR were all positive to a dilution of 10
Ϫ8
. Although we found no evidence of E. ruminantium in the ticks from the Caribbean islands we tested, we did obtain a low percentage of seropositive animals by the MAP-1B ELISA. Three of the 848 (0.4%) cattle tested were positive, all from St. Kitts (Table 1) ; Þve of the 443 (1%) goats tested were positive, with seroreactors being found on three of the Þve islands sampled; Þve of the 413 sheep tested (1%) were positive, which included animals from three of the seven islands studied. In all cases, only weak positive results were obtained with values up to 18% above the calculated cutoff level. In addition, when the DNA extracted from the buffy coats of 16 animals positive by MAP-1B ELISA were tested with the nested pCS20-PCR assay, all samples gave negative results. Although we found no positive reactors from Puerto Rico where A. variegatum does not occur, we did obtain positive ELISA results for animals from Grenada where the tick is also not present. It seems likely, then, that the positive reactions we obtained were most likely falsepositive results. In Africa (Kakono et al. 2003 ) and the Caribbean (Muller Kobold et al. 1992) , false-positive ELISAs occur in areas where the Amblyomma tick vectors do not exist, probably because of cross-reactivity with other tick-borne ehrlichias (Kelly et al. 1994 , Savadye et al. 1998 , Kakono et al. 2003 . The most immunodominant antigen of E. ruminantium, MAP-1, is used in many serology tests, but the protein is conserved within the genus Ehrlichia (Sulsona et al. 1999) . The MAP-1B region of the protein is the most speciÞc region, which gives the least false-positive serology results (van Vliet et al. 1995) . Whereas antisera to Ehrlichia ovina and Ehrlichia bovis do not cross-react with the MAP-1B recombinant protein, antisera to Ehrlichia chaffeensis and Ehrlichia canis do cross-react. E. chaffeensis has not been described in the Caribbean, but E. canis is common (Yabsley et al. 2008) , although infections in domestic ruminants have not been reported. Studies are underway in our laboratories to detect cross-reacting agents in the Caribbean.
Our study provides strong evidence that E. ruminantium does not occur on Caribbean islands with no clinical evidence of heartwater, and that this is not a false impression generated by endemic stability and innate resistance, avirulent stocks, or unfamiliarity with the disease and problems with diagnosis (Uilenberg et al. 1984 , Camus et al. 1996 . Why A. variegatum has spread through the islands, but not E. ruminantium, is not clear, but is probably the result of a number of factors. There is no transovarial transmission of E. ruminantium in A. variegatum (Bezuidenhout 1987) , and larvae must acquire infections before they can transmit E. ruminantium in the subsequent nymphal and adult feeding stages. Importation of infected nymphs or adults could result in heartwater outbreaks. The disease, however, is associated with high mortality, particularly in the naive animals present in the Caribbean, and so there is little chance of the establishment of chronic carriers that could serve as a source of infection for subsequent generations of the introduced A. variegatum. As there is no transovarial transmission of infections, these subsequent generations of ticks would be free of E. ruminantium.
In summary, our study failed to show E. ruminantium occurs in A. variegatum on Caribbean islands where clinical cases of heartwater do not occur. It also provided further evidence that serological monitoring for E. ruminantium has limited usefulness in the Caribbean.
